Abstract One of the most serious resource and health issues in coastal communities of Bangladesh is the scarcity of safe drinking water, triggered by the combined effects of salinity, arsenic, and drought. This article explores community perception of vulnerabilities in daily life, livelihood, and environment, and investigates how communities and institutions cope with or adapt to drinking water scarcity. This study outlines community expectations for support from government and nongovernment organizations to overcome this problem. The findings reveal that nearly all respondents from the drinking water scarcity area perceive that salinity is the primary reason for the lack of safe drinking water compared to arsenic and drought hazards. Despite a number of socioeconomic factors and a geographical location that aggravates the coastal communities' vulnerability, these communities have established their own adaptation mechanism to cope with this crisis. Government and nongovernment organizations have also supported community efforts to cope with the problem. By emphasizing both community adaptation methods and efforts of institutions, this article illustrates an integrated community-based approach, which would be effective for reducing drinking water scarcity in the southwestern coastal region of the country.
Introduction
Safe drinking water demand is increasing with the increase of population in the world. According to the United Nations, one third of the world's population lives in water shortage areas, of which about 1.1 billion people live without access to safe drinking water (Shaw and Thaitakoo 2010) . The global consumption of water is doubling every 20 years, twice the rate of population growth and it is estimated that in 2025 at least 3 billion people will be living in areas where it will be difficult or even impossible to meet basic water needs (Concern Worldwide 2012) . Water is crucial for all life on earth. It can improve the health, economy, food production, environment, and social well-being of a community. However, every year, millions of people use unsafe drinking water causing diarrhea, cholera, typhoid, and parasites (Curry 2010) .
Water related problems are particularly acute in Asia. As population growth and urbanization rates in Asia rise rapidly, stress on the region's water resources is intensifying. Climate change deteriorates the situation significantly. Moreover, reduced access to freshwater will lead to a cascading set of consequences, including impaired food production, the loss of livelihood security, large-scale migration within and across borders, and increased economic and geopolitical tensions and instabilities.
In Bangladesh, there is an abundance of water, but scarcity of safe drinking water is the reality at present. Nearly one fourth of the population has no access to safe drinking water (WHO 2008) . In the early 1990s, almost 97 % of the rural population had no access to improved sources of drinking water. Both the surface water and groundwater are used for drinking purposes; however, groundwater is the most reliable source of drinking water. Currently, 73 % of the rural population use tube well water as the primary source of drinking water (WHO and UNI-CEF 2010) . Aside from increased population growth and rapid urbanization, inefficient water management in the region further exacerbates the safe drinking water situation. According to the Coastal Zone Policy 2005, 76 upazilas (subdistricts) of 19 coastal districts in Bangladesh are likely to be seriously affected by a rise in sea level. About 15 million people already are forced to drink saline water and 30 million people are unable to collect potable drinking water due to a lack of available safe water sources (Hoque 2009 ).
The southwestern coastal region is facing extreme difficulties in accessing safe drinking water (Quazi 2006) . Arsenic contamination, groundwater depletion, flooding, drought, and salinity are major difficulties for the rural people to get safe drinking water from both surface and groundwater sources (Abedin et al. 2013) . The development of a dependable water supply system in the coastal areas of Bangladesh is inadequate due to unavailability of freshwater aquifers at suitable depths (Kamruzzaman and Ahmed 2006; Islam et al. 2010) . There are certain areas in the coastal districts where both shallow and deep tube wells are off use due to high salinity and natural arsenic in the groundwater. In general, people in this region use ponds known as mitha pukur with pond sand filters as safe drinking water sources. However, the water scarcity situation worsens during the dry season when recurrent droughts dry up ponds. This region has attracted the attention of environmentalists because of the presence of both world heritage sites and ecologically critical areas such as the Sundarbans, the world's largest mangrove ecosystem (Agrawala et al. 2003; MoWR 2006; . But these areas are lagging behind in socioeconomic development and are vulnerable to different disasters, environmental degradation, and global climate change. In addition to the impact on agriculture, with increasing climatic variability, salinization of water sources is becoming a major problem (Dankelman et al. 2008) .
Over the years, the local people in the southwestern coastal areas of Bangladesh have adopted various water consumption practices according to varying levels of water availability. Ensuring access to safe drinking water is one of the most important issues for human health and sustainable socioeconomic development in these areas. Sustainable safe drinking water supply and access cannot be achieved without involving the local community in the planning and development processes. Although government agencies, local government institutions, other organizations and development partners are involved in water management in Bangladesh and the Department of Public Health and Engineering (DPHE) has the mandate to supply safe drinking water in both rural and urban areas, involvement and ownership by local communities are the key to any successful program, since communities respond first to any kind of natural disaster that happens in their locality. Moreover, community participation and control are essential for successful implementation, orientation, and maintenance of any disaster risk reduction project . Therefore, overcoming the water problem should start with and be led by people in the local communities who are often the real experts on water issues. For this reason, it is important to find out community perception and existing adaptation and coping practices on drinking water scarcity.
This study provides a brief overview of safe drinking water scarcity occurring due to salinity, arsenic, and drought at the local level in southwestern Bangladesh. It examines the coastal communities' perception on water scarcity and their vulnerabilities and adaptation and coping measures. It further determines communities' expectations for government and nongovernment organizations to overcome the drinking water scarcity problem. The study aims to provide a realistic and novel aid for interventions by government and development organizations that deal with drinking water scarcity and enhance community preparedness against this problem in the future, and helps the government and policy makers to formulate a communitybased adaptability action plan at the local level.
Study Area
Khulna and Satkhira districts are located in the southwestern coastal region of Bangladesh with a population of 6.2 million (Abedin and Shaw 2013a) . This area experiences severe drinking water scarcity due to salinity intrusion, arsenic, and drought (Fig. 1) . In these two districts, two upazilas (subdistricts) have been categorized as experiencing severe and another two upazilas as undergoing moderate drinking water scarcity conditions. Categorization of severe and moderate safe drinking water scarcity upazilas is not based on quantitative criteria. Severe and moderate safe drinking water scarcity upazilas have been defined based on the local conditions that exist in each upazila. For instance, Rupsha and Debhata upazilas have lower scarcity because of the presence of appropriate national water quality standards; adequate training programs on water issues; the presence of safe drinking water sources such as ponds equipped with sand filters; rainwater harvesting systems; arsenic-free manually operated tube wells; strong coordination and collaboration among various stakeholders such as governmental organizations, NGOs, and community; satisfactory allocation in the water sector; and proper utilization of budget and knowledge-sharing activities. For example, the DPHE of Rupsha upazila is continuously working to screen arsenic contaminated tube wells to provide safe drinking water at the community level, whereas Debhata upazila establishes shallow and deep tube wells and constructs community-based arsenic and iron removal plants through institutions such as DPHE and a local company named Delta. On the other hand, Dacope and Shymnagar upazilas have severe potable water problems due to insufficient safe surface and groundwater sources, inadequate infrastructure, lack of budget resources, and poor salinity and arsenic policies at the upazila level (Abedin and Shaw 2013a) .
Climatologically, the study area shows temperature and rainfall variations over the past few decades (Ahmed 2008; Miah 2010) . The average maximum temperature is 33°C during March to May while the average minimum temperature is about 15°C in December and January (Chowdhury 2007; Ahmed 2008) . Khulna and Satkhira districts receive an average rainfall of about 1,710 mm per annum, of which about 78 % falls within the four monsoon months of July to October.
Salinity intrusion both in surface water and groundwater poses a great threat to access to safe drinking water by people in the study area. In this coastal area, a direct consequence of sea level rise would be intrusion of salinity with tide through rivers and estuaries. Salinity intrusion gradually accelerates with tidal flooding during the wet season; direct inundation by saline or brackish water; upward or lateral movement of salinity in groundwater during the dry season; and inundation by brackish water for shrimp farming (Habiba et al. 2013 ). The region is experiencing a decline in freshwater due to the reduction of existing freshwater ponds and pockets of safe groundwater aquifers as a result of saltwater from rivers being brought into wetland shrimp cultivation. This increases salinity of adjacent freshwater ponds and shallow aquifers through seepage that ultimately creates problems for drinking water safety. Moreover, salinity ingress has been observed as a consequence of reduced dry season flow of the major distributaries of the Ganges River, which started with the diversion of the Ganges flow by India following the construction of the Farakka barrage (Mirza 2004) .
Arsenic is another factor that enhances drinking water scarcity in the region. Natural arsenic is found in underground water. A local NGO in the southwestern region has reported that 79 % of the tested tube wells of shallow aquifers are contaminated with arsenic that is beyond the acceptable limit-Government of Bangladesh (GoB) recommends the arsenic drinking water standard of 50 lg l -1 (Farhana 2011) . The presence of arsenic in groundwater has aggravated the scarcity of safe drinking water in the region. Moreover, it is notable that arsenic is distributed in a discontinuous, patchy mosaic in the study region. The arsenic level of one tube well in a particular household may be above the acceptable limit, but 20-50 m away the arsenic level of another household's tube well may be below the acceptable limit. Apart from salinity and arsenic, drought has dire impacts on drinking water access and supply in the study area during the dry season (Abedin et al. 2012) . Presently, the sources of freshwater in the southwestern coastal region are the Garai and Madhumati Rivers (Swapan and Mamun 2006) . The freshwater flow of these rivers decreases during prolonged dry spells, increases the level of salinity and eventually worsens drinking water scarcity in the region. In addition, a large number of people depends on freshwater ponds for drinking purposes, which dry up due to drought. Drought also intensifies the decline of the water table, which leads to reduced water availability in many tube wells (Swapan and Mamun 2006) .
Research Design
The severity and extent of the problem of saline-degraded drinking water are explored through a literature review and preliminary field investigation. The goal is to assess local people's perception and awareness of the problem, analyze the reasons for and impacts of drinking water scarcity, and identify the adaptations and coping practices of local communities. The methodological structure of the study is outlined in Table 1 .
In order to fulfill the objectives, a semistructured questionnaire (Q) was developed and designed in three parts. In the first part, the questions were formulated to gather information about a respondent's socioeconomic characteristics and in the second part, the questions highlight their perception and awareness on drinking water scarcity. In the last part, the questions look into the impact of drinking water scarcity on a respondent's livelihood and various adaptation practices and coping strategies towards salinity intrusion, arsenic, and drought. The questionnaire survey was conducted by the first author with the assistance of trained university students in eight villages of four upazilas (in both severe and moderate drinking water scarcity areas) in two districts of southwestern coastal Bangladesh during October 2012. Figure 2 shows the sampling structure of the study. A total of 240 questionnaires were randomly distributed and collected at these villages (30 questionnaires from each village; 120 questionnaires from upazilas with a severe drinking water problem and 120 from those experiencing moderate scarcity). Focus group discussion was carried out to cross-check and validate the answers from respondents.
Community Perception and Adaptation and Coping Measures for Drinking Water Scarcity
Since communities are at the forefront in responding to hazardous conditions, their perception is important. This section describes the respondents' socioeconomic characteristics followed by their perception on drinking water scarcity. The focus then shifts to the impacts of this scarcity in their locality. After understanding and summarizing community perception, adaptation, and coping measures at both individual and community levels, coping strategies supported by institutions are identified and communities' expectations for government and nongovernment organizations are revealed.
Socioeconomic Characteristics
Respondents' socioeconomic characteristics such as gender, age, education, occupation, and income level affect how they perceive the effect of drinking water scarcity on their life and livelihood. Socioeconomic conditions also contribute to increasing or reducing vulnerability and enabling or preventing individuals to take certain adaptive measures during crisis periods. Data in Table 2 highlight that the majority of the respondents in both severe and moderate drinking water scarcity areas are male (64 and 72 %, respectively) as most of the households are male dominated. Age of most of the respondents in both severe and moderate scarcity areas lies between 25 and 59 years. Middle-to old-aged persons are likely to have experienced drinking water scarcity at first hand, since this problem has been prominent in the region for three decades.
Most of the respondents are Muslim, followed by Hindu in the moderate drinking water scarcity areas, whereas more than half of the respondents in the severe scarcity areas are Hindu. More than 50 % of the respondents have completed primary to secondary school education. A few respondents have completed college and graduate degrees. Less than 30 % of the respondents are illiterate.
More than a quarter of the respondents in severe drinking water scarcity areas are engaged in agricultural activities as daily labor. In moderate scarcity areas, 28 % of the respondents are in both the agriculture and business sectors. Near two-thirds of the respondents in severe drinking water scarcity areas have annual incomes lower than 60,000 Tk (769 USD), which is below the poverty line. Respondents have higher monthly incomes in moderate scarcity areas. Not only illiteracy but also low income makes respondents more vulnerable to safe drinking-water issue in severe as compared to moderate water scarcity areas.
Perception
The coastal area of Bangladesh is composed of different geomorphological regions with dissimilar hydrology, climate, and soils (Islam 2004) . The area experiences all types of hazards including cyclones, tidal surges, floods, droughts, salinity intrusion, waterlogging, and land subsidence (Abedin et al. 2012) . With increasing climate variability, Dankelman et al. (2008) note that salinization of drinking water sources is becoming a major problem. Ahmed (2008) argues that sea level rise further aggravates salinity ingress along coastal rivers. Salinity has increased the vulnerability of the people to the decreasing availability of potable water over the last few decades in the study area. Considering all the issues, the respondents were asked about the most prevalent hazards that directly related to reliable available drinking water in their locality. The survey results show that 96 % of respondents from severe and 92 % from moderate drinking water scarcity areas perceive salinity to be the most prevalent hazard that causes a lack of safe drinking water in these areas (Fig. 3) . Apart from salinity, more than half of the respondents mentioned that arsenic and drought are also responsible for enhancing drinking water scarcity in this region. The respondents were further asked about the natural and human causes of these hazards and the drinking water scarcity experienced in this region. Figure 4 shows that 90 and 96 % of the respondents in severe and moderate drinking water scarcity areas respectively pointed out that the increase in salinity intrusion is the main natural cause that limits potable drinking water. In addition, 77 and 66 % of the respondents stated that extensive shrimp cultivation is a human activity that compromises drinking water availability. The construction of Farakka Barrage, a direct human intervention, also was implicated in salinity and drinking water supply problems in the study area. Islam and Gnauck (2008) report that the establishment of Farakka Barrage over the Ganges River is one of the main reasons for salinity intrusion in the southwestern part of Bangladesh.
Besides salinity, 35 and 28 % of respondents in severe and moderate drinking water scarcity areas indicated that arsenic rich minerals in the groundwater aquifer is the main natural reason for decreased drinking water resources in the area (Fig. 4) . The respondents who identified this cause are the well educated-only the educated people in the area have this knowledge.
With regard to human causes, 61 % of respondents from moderate drinking water scarcity areas claimed that excessive use of groundwater is the prime reason for arsenic contamination in the region. The release of arsenic in groundwater occurs through the oxidation of sulfide minerals and the reduction of oxihydroxide under reducing conditions (Horneman et al. 2004; Appelo 2006; Abedin and Shaw 2013b) . Human activities that significantly influence sulfide mineral oxidation and arsenic release into the aquifer are the increased pumping of groundwater. Increased pumping and reduced recharge can greatly accelerate oxidation rates of arsenic-bearing minerals by lowering the water table and exposing minerals to atmospheric oxygen.
Aside from salinity and arsenic, more than half of the respondents in both severely and moderately impacted areas highlighted drought as the main natural cause of insufficient safe drinking water (Fig. 4) . Among human causes, 52 % of the respondents in moderate drinking water scarcity areas cited construction of the Farakka Barrage as responsible for increasing drinking water scarcity whereas 47 % of the respondents in severe scarcity areas identified the excessive use of water resources for irrigation purposes through installed deep tube wells (Fig. 4) .
Impacts
Poor socioeconomic conditions, along with salinity, arsenic, and drought, are the principal reasons for increasing drinking water scarcity in the study area. Table 3 reveals that lack of safe drinking water has serious impacts on the daily life, livelihood, and environment of the local population. More than 5 million people in the southwestern part of Bangladesh have been suffering from a safe drinking water crisis (Swapan and Mamun 2006) . The common sources of drinking water are the limited number of ponds with sand filters, rainwater harvesting systems, and arsenic-free hand operated tube wells. Due to the lack of safe drinking water sources, most people in the study area consume large quantities of saline and arsenic contaminated water. Table 3 reveals that 100 % of the respondents in both severe and moderate scarcity areas stated that water scarcity has substantial impacts on their daily activities through disturbances to domestic work, health problems, social conflicts, and hardship for women as women walk from one village to another to fetch water (Fig. 5) . In extreme cases, women in some villages walk 6-12 km in order to fulfill the daily requirement of 3 jars of water per household. Various social crises such as the hampering of children's education and the harassment of women when they are fetching water arise from this problem.
The scarcity of safe drinking water impacts many aspects of the daily life of respondents, but none more important than those that have emerged in livelihood and the environment. Since the 1980s, vast lands have been brought under rice cultivation; many of these areas in addition to other agriculture-based livelihoods have experienced difficulties due to increased salinity stemming in part from the expansion of seawater shrimp cultivation.
There is growing documentation on the adverse effects of high salinity levels on rice-high soil salinity prevents growth (Tho et al. 2008) , reduces germination, causes browning of rice fields (Gain 1995), and decreases rice production (Ali 2006) . Table 3 shows that 72 % of respondents in severe and 82 % of respondents in moderate safe water scarcity areas have been affected in their agriculture-based livelihood because of soil and water salinity. Fisheries and livestock-based livelihoods are also curtailed due to the region's lack of safe water. Unavailability of safe water not only decreases fish production but also causes deterioration of milk productivity and reproductive health of livestock. That ultimately hampers livelihood. In total, 54 and 64 % of respondents in both areas indicated that environmental degradation has occurred due to lack of safe water. Reduction in the number of species of medicinal plants and trees, disappearance of indigenous species of fish, reduction in soil fertility, and loss of biodiversity in the Sundarban forest (Gopal and Chauhan 2006) have emerged due to the lack of fresh water. Swapan and Mamun (2006) found similar types of results in their study regarding impacts on the environment due to safe water scarcity.
People in the study area suffer from various healthrelated problems caused by saline, impure, or arsenic contaminated water. According to the Food and Agriculture Organization's recommendation, consumption of salt should be limited within 5 g day -1 , but people in the study area take up to 16 g of salt just by drinking the water (Daily Star 2013) . As a consequence, various skin and intestinal diseases, dysentery, fever, and diarrhea become a regular part of life for the people in salinity affected areas (Swapan and Mamun 2006; Abedin et al. 2012) . Women in the study area suffer from a gynecological disorder (lowering of the uterus) caused by carrying big jars of water on their hip when fetching drinking water from a long distance. Data in Fig. 6 highlights that 92 and 40 % of respondents in the severe and moderate scarcity areas respectively, often suffer from diarrhea, especially infants and children, due to the consumption of saline water. They also suffer from indigestion, black spots on the skin and so on. Arsenic contaminated drinking water causes melanosis, ketatosis, skin lesions, and even death (Hadi and Parveen 2004; Borghesi and Vercelli 2005; Abedin et al. 2012; Abedin and Shaw 2013c) . Our survey results show that the severity of arsenic contamination is higher in moderate drinking water scarcity areas than in severe scarcity areas (Fig. 6 ). This is due to the geographical distribution of arsenic and the high percentage of water supply through tube wells in the moderate scarcity areas. Apart from salinity and arsenic, more than 50 % of respondents in severe drinking water scarcity area face intestinal problems such as diarrhea and dehydration. Young girls have difficulty getting married due to skin problems and the divorce rate is increasing.
Adaptation and Coping Measures
Adapting to or coping with water scarcity means to live in harmony with the environmental conditions specific to and dictated by limited available water resources (Pereira et al. 2009 ). Adaptation is a two way process, which initially requires the recognition of changes and then responding to change through adaptation . For millennia, civilizations have developed in water scarce environments and have cultural skills that make it possible to live under such conditions. To reduce the safe drinking water scarcity problem, different stakeholders adopted various approaches. The specific adaptation and coping actions of individuals, local communities, and institutions (local governments, NGOs, and private sector) are all important because together they can potentially reduce the safe water scarcity in a locality. This section introduces adaptation and coping measures adopted at the individual and community levels in the southwestern region of Bangladesh as well as those supported by various organizations based outside local communities.
Individual and Community Level
Survey results in Table 4 display the existing adaptation and coping measures that are followed by individuals as well as communities to combat drinking water scarcity. At the individual level, depending on socioeconomic conditions, a respondent employs measures that are manageable for a single household, whereas at the community level, members of a community share responsibilities and draw benefits from the measures they adopt collectively. For example, small units of ponds with sand filters and rainwater harvesting systems are considered as the most suitable safe drinking water options used by individual households. Large ponds with sand filters and large rainwater harvesting systems are used in communities and are now the only major sources of safe drinking water maintained at the community level (Habiba et al. 2013 ). Very few people have the ability to buy purified water from water treatment plants or shops; the majority of residents cannot afford such expenses. Table 4 shows that to combat drinking water scarcity caused by salinity, the respondents from both the severe and moderate drinking water scarcity areas (62 and 31 %, respectively) adopted the measure of conserving pond water as the most effective adaptation and coping measure at the individual levels. In addition, 42 and 48 % respondents in these areas collected safe water from far distance 3-5 km. Figure 7a , b show how people conserve and use pond water for drinking purposes. Likewise, 45 % respondents in areas experiencing severe drinking water deficits have adopted rainwater harvesting as another suitable option by which to cope with a lack of drinking water at the individual level. They argued that the rainwater harvesting equipment is their own property; hence they can use the preserved water whenever they want. Farhana (2011) found a similar result where people in the coastal belt of Bangladesh used rainwater for a long time as a source of drinking water. Figure 8 shows the various rainwater systems in severe drinking water scarcity areas that people are now using. At the community level, use of pond sand filtration is the most common practice in moderate water deficit areas. Pond sand filters are promoted by the government, international NGOs, and local NGOs to provide a safe drinking water supply with the cooperation of a community's people. Table 4 shows that 19 and 5 % respondents from severe drinking water scarcity areas use pond sand filters respectively to get safe drinking water with minimal salinity and arsenic contamination, whereas 33 and 15 % of the respondents from moderate drinking water scarcity areas utilized the same practice.
Institutional Level
Institutions play a leading role in supplying drinking water in the whole country. Various local and international NGOs such as Sushilan, Uttaran, ActionAid, Caritas, Concern Worldwide, UNICEF (United Nations Children's Fund), USAID (United States Agency for International Development), and government organizations such as DPHE (Department of Public Health) and CDMP (Comprehensive Disaster Management Program) are involved in supplying drinking water in coastal Bangladesh. Among them, UNI-CEF and DPHE carried out the introduction of pond sand filters (PSF) along the coastal belt. The respondents in the study area were asked about the types of adaptation and coping measures supported and implemented by different institutions. Considering the salinity problem, the survey results in Table 4 shows that 36 and 30 % of the respondents in moderate and severe drinking water scarcity areas adopted PSFs to get safe drinking water, with the assistance of government organizations (for example DPHE) and nongovernment organizations (like Sushilan) in cooperation with donor agencies as well as international NGOs (for example Caritas and UNICEF) (Fig. 9a) . In addition, 35 % of the respondents from severe drinking water scarcity areas practice rainwater harvesting technology by conserving rainwater during the rainy season and using it for drinking purposes with the help of various NGOs. Besides the pond sand filter and rainwater harvesting technology, 8 and 18 % of respondents from severe and moderate scarcity areas respectively use deep tube wells with overhead tanks installed by the local NGO Iswaripur Development Foundation (IDF), with GIZ (German Development Cooperation) assistance (Fig. 9b) . At the institutional level, screening and identifying of arsenic contamination from hand-operated tube wells is the first step in arsenic mitigation (Abedin et al. 2012) . The DPHE, assisted by UNICEF, carried out the screening of arsenic contaminated hand-operated tube wells from 2000 to 2006 in the country as the topmost coping measure to eliminate arsenic from Bangladesh's drinking water. Once a tube well is determined to have a higher concentration of arsenic than the national standard, the tube well is marked with red paint in contrast with tube wells that are safe to drink, which are marked with green paint (Fig. 10a, b) . Forty percent of the respondent from moderate drinking water scarcity areas have benefited from the initiative, whereas only 12 % of the respondents from severe water scarcity areas reported the same positive result. Considering drought, reexcavation of ponds is the only coping measure in severe drinking water scarcity areas. However, the number and coverage of these efforts are very limited according to the respondents.
Expectations for Institutional Support to Enhance
Community Adaptability and Coping Capacity Despite a number of adaptation and coping measures that have been implemented in the study area to upgrade drinking water quality and supply, given the magnitude of the problem, the current efforts of individuals and communities are still insufficient. Most of these measures are reactive rather than proactive, autonomous instead of well planned. This study has tried to identify methods that can help these communities and institutions deal with salinity, arsenic, and drought conditions that diminish safe drinking water capacity. Respondents in the study area were asked about their expectations for support from the government or NGOs to reduce their vulnerability to drinking water scarcity. Survey results indicate that 68 % of respondents in severe drinking water scarcity areas mentioned installation of or subsidy for rainwater harvesting for every family, whereas 98 % respondents in moderate drinking water scarcity areas cited piped water systems as the topmost need for support (Fig. 11) .
Apart from the questionnaire survey, this study also conducted focus group discussions (FGDs) to get an understanding of probable solutions the communities consider viable to solve the drinking water problem and their communities' needs. Based on the FGD, a few recommendations are summarized below:
• Installation of rainwater harvesting systems at the family level. The government should take proper initiatives in consultation with community members and local NGOs to make the projects sustainable.
• Installation of rainwater harvesting systems in all government and nongovernment organization offices, schools, and colleges. The government should include this activity during policy formulation at both national and local levels with the bilateral agreement of the Union Parishad and International and national NGOs.
• Installation of solar-powered deep tube wells with overhead tanks that supply piped water to homes and shared community outlets, since piped water supply is the topmost desired option at communities in moderate drinking water scarcity areas. A good example is the project of the Iswaripur Development Foundation, with the financial assistance from the German Development Cooperation, which is developing a solar-powered deep tube well system with overhead storage tank. Strong cooperation among different stakeholders, government, NGOs, and donor agencies, can facilitate the achievement of safe drinking water adaptation initiatives and promote an effective safe drinking water adaptation policy.
• Community-based pond sand filters with proper governmental monitoring and maintenance. Pond sand filters are a simple, easy to use, and effective technique in the southwestern region of Bangladesh, but the innovation needs proper maintenance to run yearround. Community involvement is important to carry out the program successfully in close association with the government.
• Reexcavation of ponds with strict rules for use, as salinity, arsenic and drought prone areas of the country require a program of water conservation. As large dams are difficult to construct due to high cost, reexcavation of a number of small ponds may provide the same benefit as a large reservoir.
Discussion and Conclusion
The current level of adaptation and coping measures of the respondents remain inadequate to cope with the future challenges of safe drinking water supply. Most of these measures implemented in the study area are reactive rather than proactive, autonomous rather than well planned when adaptation and coping measures can take many forms and can be adopted at the level of national government, local government, and NGOs. In the past, the development activities mainly operated through various levels following top-down approaches and have become ''supply-driven'' in many countries. Recent developments in decentralization advocate a ''demand-driven'' strategy and have the merit of considering the specific demands and potential of each locality. According to Wijayaratna (2004) , local government institutions and local community organizations could establish a collaborative partnership in undertaking the responsibility for developing a local ''vision'' and strategy;
and designing/planning, allocating resources, implementing and monitoring/evaluating of development activities that would better cater to local needs. They would ''jointly'' become the driving force towards development, develop a ''sense of shared ownership,'' and become ''managers'' of their development initiatives. Marfai et al. (2008) highlight that the development of effective hazardreduction programs requires cooperation and exchange of experiences of the hazard affected community and local government. Understanding the community's unique perception and assessing their adaptive and proactive capacities is important for creating successful coastal hazard management programs. This study has examined communities' perception of and adopted and expected coping measures for overcoming safe drinking water scarcity problems.
In the study area, salinity is the most prominent cause of accelerated safe drinking water scarcity, along with arsenic contamination and drought. In terms of arsenic contamination, DPHE has screened out the hand-operated tube wells contaminated with arsenic in the study area and prohibited the use of water from these sources for drinking. In contrast, the problem of salinity that poses a threat to drinking water sources has not been dealt with as effectively. Currently about 40 million people are directly affected by water and soil salinity and another 20 million are at risk in coastal Bangladesh. The increasing concentration of salinity will put more pressure on people's health and threaten livelihood, income generation, and food security of coastal populations. Although measures, including rainwater harvesting, conservation of pond water, local technology for water treatment (such as pond sand filters), and groundwater use management, have been implemented at the local and community levels and supported by various institutions to improve water supply, the salinity issue so far has not been a priority in the government's disaster management policy. Since the 1980s, salinity problems have received very little attention in Bangladesh; even the Coastal Zone Policy 2005 (Ministry of Water Resources 2005) developed by the government did not take salinity issues into account. The National Adaptation Program of Action (Ministry of Environment and Forest 2005) briefly explains the causes and impacts of water salinity on the coastal economy, whereas much more emphasis was placed on climate change and sea-level rise. More attention by government as well as by national and international NGOs is needed to overcome the salinity problem in the future.
Based on the results, Fig. 12 proposes a model for an integrated community-based approach to reducing drinking water scarcity. To mobilize these processes not only requires active participation of communities, but also needs feedback and support from various stakeholders such as governmental agencies, NGOs, and other organizations. It is imperative that communities' adaptation methods be supported and guided by local governments and NGOs to make them both more effective and environmentally friendly (Parvin et al. 2008) . At the same time, it is imperative to have efficient partnerships, collaboration, and coordination between government organizations and NGOs (Habiba et al. 2011) .
This study identifies and reveals people's perception on safe drinking water scarcity with regard to salinity, arsenic, and drought as well as the adaptation measures they currently employ to cope with the above-mentioned hazards that are directly or indirectly responsible for drinking water scarcity. It also discusses communities' expected support from various organizations. The results of this study reveal that salinity along with arsenic contamination play key roles in making the study area vulnerable to safe drinking water scarcity, which is aggravated by and becomes acute during dry periods. A number of socioeconomic factors along with geographical location enhance the vulnerability of individuals and communities in the study area and relentlessly undermine the struggle of people to minimize or cope with their vulnerabilities by undertaking adaptive measures. This study highlights how communities need to improve their critical situation in both the severe and moderate drinking water scarcity areas. The results reveal that rainwater harvesting is the prime demand in the severe drinking water scarcity area, whereas piped water supply is the preferred expectation for moderate drinking water scarcity areas. Undertaking actions at the community level requires government as well as other organizational initiatives and activities to implement these actions. Rather than disaggregated efforts, integration is needed to resolve the potable water supply problem and to facilitate a community's adaptation. Although a number of government and nongovernment organizations are working at both the local and the national levels, the main problem is a lack of coordination among them. Because there is no integrated approach between adaptation measures of the community, government, and other development organizations, it is difficult to overcome drinking water scarcity. The National Water Policy of the Bangladesh government should incorporate methods of coordination and partnership among the development efforts of government, NGOs, and communities in order to insure proper implementation at the grassroots level. This would promote pragmatic actions that facilitate integration by knowing and applying community perception, adaptation measures, and expectations to cope with and solve the safe drinking water scarcity problem.
Acknowledgments The authors gratefully acknowledge support from the Japan Society for the Promotion of Science (JSPS) for this Fig. 12 Model for an integrated community-based approach to reducing safe drinking water scarcity in southwestern Bangladesh. Source: The authors research. Help and cooperation of the local community and stakeholders are also greatly appreciated.
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
